Porcelain Mug Warmer for Restaurant Chain by Olinger, Megan et al.
Indiana University – Purdue University Fort Wayne
Opus: Research & Creativity at IPFW
Engineering Senior Design Projects School of Engineering, Technology and ComputerScience Design Projects
12-16-2009
Porcelain Mug Warmer for Restaurant Chain
Megan Olinger
Jeremy Brickey
Bryan Hossman
Follow this and additional works at: http://opus.ipfw.edu/etcs_seniorproj_engineering
Part of the Engineering Commons
This Senior Design Project is brought to you for free and open access by the School of Engineering, Technology and Computer Science Design Projects
at Opus: Research & Creativity at IPFW. It has been accepted for inclusion in Engineering Senior Design Projects by an authorized administrator of
Opus: Research & Creativity at IPFW. For more information, please contact admin@lib.ipfw.edu.
Opus Citation
Megan Olinger, Jeremy Brickey, and Bryan Hossman (2009). Porcelain Mug Warmer for Restaurant Chain.
http://opus.ipfw.edu/etcs_seniorproj_engineering/7
  
 
 
 
Indiana University-Purdue University Fort Wayne 
Department of Engineering 
 
ENGR 410-411 
 
Senior Design Project 
 
Report #2 
 
 
 
 
Project Title:       Porcelain Mug Warmer for Restaurant Chain 
 
Team Members:  Megan Olinger 
       Jeremy Brickey 
       Bryan Hossman 
 
Advisors:      Dr. Donald Mueller, Jr. 
       Dr. Abdullah Eroglu 
 
Date:  December 16, 2009 
  
2 
 
Contents 
 
Acknowledgements ....................................................................................................................................... 3 
Abstract ......................................................................................................................................................... 4 
Section I.  Detailed Description of the Selected Conceptual Design............................................................. 5 
Mechanical Design .................................................................................................................................... 6 
Electrical Design ........................................................................................................................................ 8 
Section II.  Prototype Building Process ....................................................................................................... 11 
Mechanical Design .................................................................................................................................. 12 
Electrical Design ...................................................................................................................................... 13 
Section III.  Testing ...................................................................................................................................... 15 
Section IV.  Evaluation and Recommendations .......................................................................................... 21 
Cost Analysis ........................................................................................................................................... 22 
Recommendations .................................................................................................................................. 24 
Conclusion ................................................................................................................................................... 25 
References .................................................................................................................................................. 26 
Appendices .................................................................................................................................................. 27 
Appendix A. AutoCAD Drawings for Cabinet, Steel Drawer and Fan Housing Unit ................................ 27 
Appendix B.  Data Sheets for Electrical Components ............................................................................. 29 
Appendix C.  Microcontroller Code ......................................................................................................... 35 
 
  
3 
 
Acknowledgements 
 
Our team would like to thank and acknowledge the following companies and individuals for their 
support and guidance through the design process.  
• Dr. Donald Mueller, Jr.   Senior Design Advisor 
• Dr. Hosni Abu-Mulaweh   Senior Design Advisor 
• Dr. Abdullah Eroglu   Senior Design Advisor 
• Dr. Carlos Arturo Pomalaza-Ráez Senior Design Coordinator 
• IPFW     Sponsor 
• Meister Cook, LLC   Donator of our power cord, on/off switch and fuse 
• Karl Furte from White Sell Associates Donator of our development boards 
• Dilling Mechanical   Donator of our steel drawer and fan housing unit 
  
4 
 
Abstract 
 
Our mission was to design a device that would warm porcelain mugs for a large restaurant chain.  The 
objective was to pre-warm these mugs in order to keep a hot liquid beverage warmer for a longer period 
of time.  It was required to design a system that would be easy to install and fit within the restaurant’s 
current cabinet dimensions.  The mugs’ temperature was to be within a target range of 100°F to 135°F 
and not to exceed 135°F. 
Our design illustrated the concept of convection to heat the mugs using a resistive heating element and 
water-proof fans.  A fan housing unit was designed to levitate the fans away from the heating element 
and act as a support structure for a commercial dishwasher tray.  We also implemented a control system 
that would run our system through a heating or cooling cycle using a temperature sensor.  It contained a 
microcontroller that would send signals to relays that would turn the fans and heating element on or off 
as needed.   
To test our system, we assembled replicas of the cabinet and stainless steel drawer that exist in the 
current restaurants.   Thermal couples were attached to key components of the system that would 
monitor their temperatures in order to program our microcontroller for the right timing cycles. 
The cost for our system was found to be about $228 for one control unit and one heating tray.  By 
separating the key components of the design, it was realized that it would be more cost effective for the 
consumer by only having have to buy one control unit and only the number of heating drawers desired. 
Our recommendations would be to find better fans that could handle a higher temperature, find a 
better sealing rubber door to retain heat longer, use the restaurant’s actual mugs and cabinet to give 
more representative test results, develop a circuit board to replace the microcontroller development kit 
and perform more testing scenarios that would better fine tune the unit. 
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Section I.  Detailed Description of the Selected Conceptual Design 
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Mechanical Design 
 
The final design used the concept of forced convection.  A resistive heating element was used in series 
with a fan to pull the heat from the heating element and onto the mugs.  The idea was to package two 
separate components: a control system and a heating drawer unit.  The heating drawer unit would 
consist of the stainless steel drawer already used in the restaurant.  The only modification to this drawer 
was to add a handle to the front so that when the unit was on, employees would have a way to subtract 
mugs from the dishwasher tray without burning their hands.  The resistive heating element would be 
attached to the steel drawer using an adhesive recommended by the manufacturer. 
 
Figure 1.The drawer unit to be installed in the restaurant's cabinet. 
The heating drawer unit would also contain a fan housing unit.  The housing unit was designed in order 
to levitate the four fans away from the heating element and provide a means to support the dishwasher 
tray.  It was decided to use the same stainless steel used to make the drawers since it would resist 
corrosion from the wet dishwasher tray and mugs.   The fan housing unit needed to be high enough off 
of the stainless steel drawer in order to allow air flow for the fans.   This was accomplished by designing 
angled pieces that would act as legs.  Smaller angled bracket placed in the corners of the unit were 
designed to hold the dishwasher tray in place so it wouldn’t slide around while opening and closing the 
steel drawer.  A rendering for the housing unit is illustrated in Figure 1. 
The idea behind the heating drawer unit was for the restaurant’s owner to replace their current 
stainless steel drawer with this heating drawer unit.  It would have a wiring harness connection to 
simply attach it to the control box. 
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Figure 2.  Complete rendering for the testing cabinet, electronic control box and steel drawer with fan housing unit. 
An electroniccontrol box was developed to house the electronics outside of the cabinet.  It was thought 
that the electronics would fare better in the ambient air of the restaurant than inside the warm cabinet 
air.  The control box would be a place to mount the rocker on/off switch, the 10 amp fuse and the three 
LEDs.  Since the design had to be easy to install, it was designed so that all the drawers would be wired 
to one electronic control box using wiring harness connectors.  This would require the restaurant owner 
to attach the box to the bottom front lip of the cabinet, as shown in Figure 2, using screws.  About a 1” 
hole would have to be drilled into the bottom front lip in order to connect the female connector of the 
wiring harness for the heating drawer unit to the male connector of the electronic control box. 
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Electrical Design 
 
Table 1, below, shows the components used in the design and their corresponding model number.  Spec 
sheets and AutoCAD drawings can be found in Appendices. 
Table 1.Component List and Model Numbers 
Component Distributor Model Number 
Resistive Element McMaster-Carr 35765K153 
Fan Mouser Electronics 664AQ0912HBA70GL-LF 
Rectifier Mean Well Electronics 709D60A 
Solid State Relay for Fans Mouser Electronics 769-AQZ102 
Solid State Relay for Heating 
Element 
Mouser Electronics 558-PF240D25 
Microcontroller Silicon Labs C8051F340DK 
Red LED Mouser Electronics 645-558-0101-007F 
Green LED Mouser Electronics 645-558-0201-007F 
Yellow LED Mouser Electronics 645-558-0301-007F 
*The rocker switch, the 10 amp fuse, the power cord and the temp sensor were donated and not 
enough is known of them to include them in the table. 
The electrical system not only provides power but also controls the temperature of the system through 
a control cycle. The final components of the system consist of the component list above inTable 1. The 
components have been picked based off the power requirements needed to be supplied to the system. 
The system will also run through a cycle that will monitor temperature and turn on or turn off the 
system accordingly. 
Rectifier 
The rectifier, which converts alternating current to direct current, has a 56 W power rating and features 
dual voltage outputs at 12 V and 5 V. The dual outputs were a design decision based on the two voltages 
required by the components in the system.   The rectifier is capable of providing a max of 4 A for the 5 V 
source and 3 A for the 12 V source. 
Heating Element 
The heating element was a 360 Watt 12’x12’ waterproof sheet that was powered by an alternating 
current. 
Fan Assembly 
The fan assembly will consist of four water-proof fans that will be wired in parallel. Each fan runs at 12V, 
0.25A, and 3W. Each fan is capable of 53.5 CFM at a maximum rpm of 2900 with a noise level of 35dB. 
The fans were picked based on how much air was required to flow to the mugs to sufficiently heat them 
through convection to the desired temperature. 
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Solid State Relays 
The first solid state relay was to be used for cycling the fans on and off. The turn on voltage was 1.5 to 5 
volts and the pass through voltage is 12 volts. The second relay was used for cycling the heating element 
on and off. This relay had a turn on voltage of 3 to 15 volts and a pass through voltage of up to 265 volts 
alternating current.  
Microcontroller 
The microcontroller that will be used in the control circuit is the C8051F340DK. The microcontroller runs 
off 2.7 V- 5.4V power. This particular microcontroller has 40 I/O pin layout with 16 bit architecture, 64K 
ROM, and 4K RAM.  
LEDs 
The LEDs are to inform the employees when the unit is in its heating or cooling cycle and if a failure has 
occurred with the temp sensor.  The yellow LED will inform that the system is heating.  The green LED 
will inform that the mugs are in the desired target range and the system is in its cooling cycle.  The red 
LED will inform that the temp sensor has had some form of a failure, i.e. damaged or unplugged. 
Temp Sensor 
The temp senor will be mounted in the system to monitor the temperature of the mugs and relay data 
to the microcontroller.  This data will be interpreted by the microcontroller and will turn on or off the 
system accordingly. 
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Figure 3.Schematic of control circuit 
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Section II.  Prototype Building Process 
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Mechanical Design 
 
A test cabinet was the first to be built.  It was made out of medium-density fiberboard.  The dimensions 
for the cabinet came from the restaurant’s current cabinet that would hold two stainless steel drawers.  
The team built the cabinet with fiberboard, screws and wood glue.  A hole was drilled in the front 
bottom of the cabinet to bring the wires from the control box into the cabinet.  A hole was also drilled 
into the back of the cabinet to pull the power cord through. 
 
Figure 4.  Test cabinet with electrical housing box and sliders 
The stainless steel drawer was produced by Dilling Mechanical.  The AutoCAD file that was sent to us by 
the restaurant was sent to Dilling and was fabricated to those specifications and dimensions. 
 
Figure 5.  Stainless Steel Drawer with resistive heating element attached. 
The fan housing unit was also produced by Dilling Mechanical.  An AutoCAD file was sent to their 
fabrication shop where they cut, drilled, bent and welded the steel to our specifications.   For the initial 
design sent for fabrication, it was discovered that the fans were spaced too far away from the resistive 
heating element and did not permit the majority of the heat to be carried away from the heating 
element.  A second design was created that brought the fans on top of the four corners of the heating 
element.  This allowed the fans to transfer more of the heat produced by the heating element on to the 
mugs. 
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Figure 6.  Fan housing unit with fans attached. 
The steel drawers in the restaurant have sliders that are specially created for the drawer to sit on.  Since 
we couldn’t replicate or buy these sliders for a reasonable price, regular drawer sliders were bought at 
Lowes and were installed onto the inside of the cabinet.  The steel drawer was eventually just placed on 
top of the sliders since the slide mechanism of the slider couldn’t be retrofitted to the drawer because 
of the thickness of the steel. 
A handle was attached to the front of the steel drawer by drilling the stainless steel with a specialized 
drill bit for steel and using gear oil to cool the bit as we drilled. 
Electrical Design 
 
The first step in the design was to place the heating element on the drawer. The fans were then 
mounted to the fan housing unit. Cable clips by 3M were used to route the wires away from the heating 
element for safety. The wires for the heating element and fans were wired to a quick disconnect 
connector to make installation easier for the restaurant.  
A plastic electrical box was used to mount the electrical components. This box was mounted on the 
lower front edge of the cabinet due to concerns about the heat from the resistive element affecting the 
other components. An on/off switch, 10 amp fuse, and the LEDs were mounted to the front of the box.  
 
Figure 7.  Close up of plastic electrical box. 
The rectifier was mounted inside the electrical box using 3M Velcro strips. The fans, heating element 
and microcontroller were then wired to the rectifier.  
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The microcontroller and development kit were mounted inside the box opposite of the rectifier. The 
solid state relays, the LEDs, and the temperature sensor circuit were wired to the development board. 
 
Figure 8.Microcontroller development board with rectifier and LEDs. 
The temperature sensor was mounted above one of the fans on the fan housing unit. The sensor was 
wired to a voltage divider circuit which was then wired to the development board. 
After all the components were mounted and connected a program was developed to control the circuit. 
The program was designed to read the analog voltage from the voltage divider circuit and based on that 
voltage either heat the mugs or shut the system off. As a backup, in case of a temperature sensor 
failure, the program would switch to a timer based control. The timing control would start in order to 
heat the mugs and would alert the user with the red LED. The system would still work with the backup 
timing control and heat the mugs to the proper temperature range. The red LED would indicate the unit 
needed to be serviced as soon as possible. The system is still safe to use when in timing control but the 
mugs might be a few degrees warmer or cooler than with temperature control. 
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Section III.  Testing 
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Since the unit was to be temperature controlled, several places needed to be tested in order to find the 
most ideal place to attach the temperature sensor.  It was decided to place the thermal couples in four 
different locations.  Two were to monitor the temperature of the mugs and two were placed in order to 
find the ideal location for the temperature sensor.  Since the mugs are set upside down in the 
dishwasher tray in order to be washed, the area that would receive most of the heat is the inside of the 
mug. Thus, it was determined to place the thermal couples on the mug to the inside bottom.  The team 
decided that the warmest mug would be in the center of the dishwasher tray and the coolest mug would 
be on the perimeter of the tray by the door opening.  Thus, a thermal couple was placed on a mug in the 
center of the tray and one was place on a mug to the front of the cabinet.  This would help set the time 
required to reach our upper and lower bounds of our temperature range.  The two other locations were 
one above a fan in the air flow and one taped to the inside of the cabinet towards the back.  The idea 
was to find a place that would most represent the T_inf used in our mathematical model used last 
semester.  The thermal couple above the fans was also used to monitor the temperature that they 
operated at.  Since the fans could only handle 150°F, it was decided that the temperature of the mugs 
couldn’t go much above 120°F to give us some leeway for the fans. 
In order to monitor all of the thermal couples used, it was decided to use a DAQ board with a Labview 
program that would automatically take measurements for us.  The Labview program was setup up to do 
four tasks:  
1) Take measurements from the thermal couples 
2) Write this data to a text file 
3) Show the data as it comes in on a waveform 
4) Show the numeric value for the mug in the middle 
A screen shot of the program is shown inFigure 9. 
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Figure 9.  Block Diagram and Front Panel of Labview Program. 
 
 
A test procedure was established for using the DAQ board and the thermal couples. 
1. Plug in the unit. 
2. Make sure that the rubber door is hanging down covering the front of the cabinet. 
3. Open “Senior Design.vi” on the desktop.  This program will take temperature readings for the 
Middle Mug, the Outside Mug, Air Temp Above Fans and Temp Inside Cabinet every half second.  
A waveform graph is represented on the front panel to monitor the temperatures. 
4. Hold down the “Ctrl” button and the “E” button at the same time.  This will bring up the block 
diagram window. 
5. Right click on the “DAQ assistant” block and select “properties” from the list. 
6. Select “connection diagram” above the graph. 
7. Connect the labeled thermal couples to the correct channels as shown in the connection 
diagram. 
8. Hit “ok” when finished. 
9. Hit the “run” button in the front panel.  The program will ask you your desired name and 
location for the .lvm data file. 
10. Turn on the unit using the green power button. 
11. Allow the unit to run through as many cycles as you choose. 
12. Hit the “stop” button on the front panel when finished. 
13. Turn off the unit using the green power button. 
14. Unplug the unit. 
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The testing was performed two different times.  Each test was done with the maximum allowed number 
of mugs in a single dishwasher tray which is 24.  Also, the entire system’s temperature started from 
ambient which was found to be about 20°C (68°F). 
The first test was performed with no door or cover added to the front of the cabinet.  This was done to 
see how the unit worked during the worst possible situation.  Figure 10shows the data collected for the 
test run.  The data shows an initial heating cycle with a cooling cycle. 
 
Figure 10.Data for one heating and one cooling cycle without a door. 
From the data, it was shown that the mugs’ temperature barely made it over the lower bound of the 
target range. 
The second test was performed with a rubber door added to the front of the cabinet.Figure 11 shows 
the data collected.  It shows an initial heating cycle with 2 cooling and 2 reheat cycles. 
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Figure 11.  Initial heating cycle and 2 cooling and reheat cycles for with a rubber door. 
It showed that the initialheating cycle to reach 120°F took about 30 minutes.  The time it took to reach 
100°F from cooling by natural convection took about 48 minutes and the time it took to reheat back to 
120°F took 13 minutes. 
It was noticed that the temperature increase we witnessed in the mugs varied linearly with time.  
Further, it was noticed that the surrounding air appeared to be increasing with time as well.  These 
findings prompted a review of our initial analytical model which was based on lumped capacitance 
transient heat conduction.For a mug, the equation for this modelwas stated as: 
         EQ 1 
where T was the instantaneous temperature of the mug, T_inf was the surrounding air temperature, t 
was time, Ti was the initial temperature of the mug and τ was equal to the equation: 
           EQ 2 
where ρ was the density of the mug, V was the volume of the mug, Cp was the specific heat of the mug, 
h was the heat transfer coefficient and As was the surface area of the mug.The use of this model 
assumed a constant surrounding temperature (T_inf).  However, we witnessed a varying surrounding 
temperature.  Therefore, it was decided to modify our lumped capacitance spreadsheet, which 
calculated the temperature at a discrete time.  The spreadsheet was modified such that the surrounding 
temperature witnessed during the experiment could be entered at a given time, t.  For comparison 
purposes, the data collected from the experiment was first plotted and then the revised analytical 
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model was plotted on the same graph, see Figure 12.  From the plot of these two lines, it was found that 
the analytical model could be further modified by changing the heat transfer coefficient, h.  Unlike other 
models, it is intended that our heat transfer coefficient encompasses other effects not explicitly 
provided for in the model (e.g. radiation).  Ultimately, it was determined that by varying the surrounding 
temperature with time and using an h = 7 W/m^2*K, the analytical model coincided with the results 
found from testing. 
 
Figure 12.  Shows the analytical data from our model plotted against the experimental data of the initial heating cycle 
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Section IV.  Evaluation and Recommendations  
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Cost Analysis 
 
Below, the table shows the cost analysis for building the entire system. 
Table 2.  Cost Analysis for our Prototype 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Component Distributor/Donator Cost 
Resistive Heating Element McMaster-Carr 59.29 
Rectifier Mean Well 43.48 
Four Fans Mouser Electronics 54.00 
Fan Assembly Dilling Donated 
Steel Drawer Dilling Donated 
Microcontroller Kit Silicon Labs Donated 
Temperature Sensor IPFW Donated 
Relay for Fans Mouser Electronics 8.49 
Relay for Heating Element Mouser Electronics 20.01 
3 LEDs Mouser Electronics 4.08 
Rocker Switch Meister Cook Donated 
Power Cord Meister Cook Donated 
10 amp Fuse Meister Cook Donated 
Plastic Electronic Box RadioShack 8.00 
Handle for Drawer Lowes 4.00 
MDF Lowes 45.98 
Drawer Sliders Lowes 12.94 
 Total: $260.27 
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The cost analysis for building a unit to be implemented in the restaurant is shown in the table below. 
Table 3.  Cost for one production prototype 
Component Distributor Cost 
Resistive Heating Element McMaster-Carr 59.29 
Rectifier Mean Well 43.48 
Four Fans Mouser Electronics 54.00 
Fan Assembly Dilling 70.17 
Microcontroller Silicon Labs 4.00 
Temperature Sensor Mouser Electronics 0.50 
Relay for Fans Mouser Electronics 8.49 
Relay for Heating Element Mouser Electronics 20.01 
3 LEDs Mouser Electronics 4.08 
Rocker Switch Mouser Electronics 0.85 
Power Cord Mouser Electronics 6.45 
10 amp Fuse Mouser Electronics 2.80 
Circuit Board -- 20.00 
Plastic Electronic Box RadioShack 8.00 
 Total: $301.27 
 
In the problem statement, it was declared that the mass production cost of a unit would need to be 
$250.  But since we decided not to package the control system and the drawer unit together, this cost 
could be adjusted.   The table below shows the cost analysis of one control system and one drawer unit. 
Table 4.  Production cost of 100 quantities of one control system and one drawer unit 
Component Distributor Cost 
Resistive Heating Element McMaster-Carr 41.50 
Rectifier Mean Well 30.20 
Four Fans Mouser Electronics 34.96 
Fan Assembly Dilling 70.17 
Microcontroller Silicon Labs 2.00 
Temperature Sensor Mouser Electronics 0.20 
Relay for Fans Mouser Electronics 6.17 
Relay for Heating Element Mouser Electronics 18.61 
3 LEDs Mouser Electronics 2.76 
Rocker Switch Mouser Electronics 0.50 
Power Cord Mouser Electronics 4.07 
10 amp Fuse Mouser Electronics 1.59 
Circuit Board -- 10.00 
Plastic Electronic Box RadioShack 5.60 
 Total: $228.33 
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Most restaurants would need two drawer units.  The cost to add another drawer unit would be $177.03 
if 100 quantities were produced.   This means if the restaurant was considering buying 2 drawer units 
and 1 control unit, the total cost would be about $395.  That’s $105 cheaper than our budget from the 
problem statement for two complete drawer units.   These costs would also continue to decline if more 
units were to be produced than just 100. 
Recommendations 
 
There are some recommendations that the team would like to make.  One would be to find better fans 
that would be able to handle the temperature to reach the upper bound of the target range.  Maybe use 
metal fans that are still water resistant, but would fit in the budget.  Another recommendation would be 
to use a better sealing door.  This would help eliminate any warm air escaping to the restaurant 
environment.  That may allow the unit to retain heat for longer and help reduce the cost for electricity.  
A third recommendation would be to use the actual mugs and cabinet that the restaurant currently 
uses.  This would give more representative data of what would happen in the actual unit’s environment.  
Another recommendation would be to develop a circuit board for the system to replace the 
microcontroller development board.  The last recommendation would be to complete more testing 
scenarios that would better fine tune the system.  One scenario could be just testing one mug in the 
dishwasher tray or half a tray of mugs.  This could give a better understanding of how the system would 
work as mugs were subtracted from the dishwasher tray.   Another scenario could be preheating the 
system and then adding the mugs to see how much heat is lost to the surroundings.  That could lead to 
maybe using different materials for the fan housing unit that could resist the heat but not retain it as 
much. 
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Conclusion 
 
In conclusion, we felt that the design produced is a good first prototype restaurant quality product.  Our 
final design used force air convection to preheat the mugs to a desired temperature range.  Our system 
contained two parts: a control box and a heating drawer unit.  The control box has the capacity to 
electronically control up to three heating drawer units that would allow the consumer versatility in the 
products that they could choose.  This would lower the cost to the consumer and make it more 
affordable.   We were able to implement our final design with few modifications.  We also were able to 
test our system using thermal couples and LabVIEW.  With varying T_inf in our lumped capacitance 
transient heat conduction model from last semester, we were able to show that our analytical model 
compared fairly to our test data.   Through cost analysis, we were able to show that our design was 
under budget.   Additionally,it was shown that our design met all of our requirements stated in our 
problem statement by not exceeding the upper bound of our temperature target range, being easy to 
install, and utilizing a control system to cycle the system on and off without user interference.   With 
further testing and refinement, we feel the design would be a great product to introduce into the 
market.  
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Appendix A. AutoCAD Drawings for Cabinet, Steel Drawer and Fan Housing 
Unit 
 
Cabinet Drawing 
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Steel Drawer Drawing 
 
Fan Housing Drawing 
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Appendix B.Data Sheets for Electrical Components 
Rectifier 
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Fans 
All Products » Thermal Management » Fans & Blowers » AQ0912HB-A70GL-LF    
Buy
 
 
 
 
Mouser Part #:  664-AQ0912HBA70GL-LF  
Manufacturer Part #:  AQ0912HB-A70GL-LF  
Manufacturer:  ADDA 
Description:  Fans & Blowers 92mm 12VDC 52.5CFM  
  
 
 
 
Specifications 
Manufacturer:  ADDA  
 
 
Product Category:  Fans & Blowers  
 
 
RoHS:   Details  
 
Current Type:  DC  
 
 
Supply Voltage:  12 V  
 
 
Airflow:  53.5 CFM  
 
 
Bearing Type:  Ball  
 
 
Noise:  35 dBA 
 
 
Speed:  2900 RPM  
 
 
Frame Dimensions (mm):  92 mm x 25 mm  
 
 
Termination Style:  Wire Leads  
 
 
Power Rating:  3 W   
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Relay for Fans 
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Relay for Heating Element 
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Microcontroller 
 
  
34 
 
LEDs 
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Appendix C.  Microcontroller Code 
 
//----------------------------------------------------------------------------- 
// SeniorDesign.c 
//----------------------------------------------------------------------------- 
 
#include <c8051f340.h>                 // SFR declarations 
 
//----------------------------------------------------------------------------- 
// 16-bit SFR Definitions for 'F34x 
//----------------------------------------------------------------------------- 
 
sfr16 TMR2RL   = 0xca;                 // Timer2 reload value 
sfr16 TMR2     = 0xcc;                 // Timer2 counter 
sfr16 ADC0        = 0xbd; 
 
//----------------------------------------------------------------------------- 
// Global Constants 
//----------------------------------------------------------------------------- 
 
#define SYSCLK       12000000 / 8      // SYSCLK frequency in Hz 
 
#define BLINK_RATE   10                // Timer2 Interrupts per second 
 
#define FIRST_ON  30    // Minutes heating up on first run 
#define TIME_ON  13   // Minutes heating on other runs 
#define TIME_OFF  48   // Minutes cooling on other runs 
 
int SEC = 0; 
int FIRST = 1; 
int FAIL = 0; 
int HEAT = 1; 
 
sbit LED1 = P2^2;                      // LED='1' means ON 
sbit LED2 = P2^3;                      // LED='1' means ON 
 
//----------------------------------------------------------------------------- 
// Function Prototypes 
//----------------------------------------------------------------------------- 
 
voidOSCILLATOR_Init (void); 
voidPORT_Init (void); 
void ADC0_Init(void); 
void Timer2_Init (int counts); 
void Timer2_ISR (void); 
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//----------------------------------------------------------------------------- 
// main() Routine 
//----------------------------------------------------------------------------- 
void main (void)  
{ 
   PCA0MD &= ~0x40;                         // WDTE = 0 (clear watchdog timer  
// enable) 
  
OSCILLATOR_Init ();                      // Initialize system clock  
PORT_Init ();                            // Initialize crossbar and GPIO 
   ADC0_Init();   // Initialize ACDC0    
 
   Timer2_Init (SYSCLK / 12);      // Init Timer2 to generate  
    // interrupts at a 10Hz rate. 
 
   EA = 1;      // Enable global interrupts 
 
   LED1=1; 
   LED2=1; 
   P3MDOUT = 0x50;     // Turn on yellow LED 
 
   ADC0CN |= 0x10; 
 
 
while (1) {}                                 // Spin forever 
} 
 
//----------------------------------------------------------------------------- 
// Initialization Subroutines 
//----------------------------------------------------------------------------- 
 
// This function initializes the system clock to (12 Mhz / 8) 
// 
//----------------------------------------------------------------------------- 
voidOSCILLATOR_Init (void) 
{ 
   OSCICN = 0x80;                      // Configure internal oscillator for 
         // its lowest frequency 
} 
 
//----------------------------------------------------------------------------- 
// PORT_Init 
//----------------------------------------------------------------------------- 
// This function configures the crossbar and GPIO ports. 
// 
//----------------------------------------------------------------------------- 
voidPORT_Init (void) 
{ 
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   XBR0     = 0x00;                      // No digital peripherals selected 
   XBR1     = 0x40;                      // Enable crossbar and weak pull-ups 
P2MDOUT  = 0x0C; 
    // Enable LED as a push-pull output 
   P1MDIN   = 0xFB;   // Set P1.2 to analog 
   P1SKIP   = 0x02;  // Skip P1.2 with the crossbar 
} 
 
void ADC0_Init (void) 
{ 
   ADC0CN = 0x40;                        // ADC0 disabled, normal tracking,  
   // conversion triggered on TMR2 overflow 
 
   AMX0P = 0x14;                         // ADC0 positive input = P1.2 
   AMX0N = 0x1F;                         // ADC0 negative input = GND 
   // i.e., single ended mode 
 
   ADC0CF = ((SYSCLK/3000000)-1)<<3;   // set sar clock to 3 MHz 
 
   ADC0CF |= 0x00;                      // right-justify results  
 
   EIE1 |= 0x08;                        // enable ADC0 conversion complete int. 
 
   AD0EN = 1;                           // enable ADC0 
} 
 
//----------------------------------------------------------------------------- 
// Timer2_Init 
//----------------------------------------------------------------------------- 
void Timer2_Init (int counts) 
{ 
TMR2CN  = 0x00;                     // Stop Timer2; Clear TF2; 
  // Use SYSCLK/12 as timebase 
CKCON  &= ~0x60;                  // Timer2 clocked based on T2XCLK; 
 
TMR2RL  = -counts;                // Init reload values 
   TMR2    = 0xffff;                   // Set to reload immediately 
   ET2     = 1;                        // Enable Timer2 interrupts 
   TR2     = 1;                        // Start Timer2 
} 
 
//----------------------------------------------------------------------------- 
// Interrupt Service Routines 
//----------------------------------------------------------------------------- 
 
//----------------------------------------------------------------------------- 
// Timer2_ISR 
//----------------------------------------------------------------------------- 
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void Timer2_ISR (void) interrupt 5  
{ 
 
   TF2H = 0;          // Clear Timer2 interrupt flag 
 
   SEC++; 
if(FAIL=1){ 
if(FIRST==0&&LED1==1&&SEC==TIME_ON*127){  
 P3MDOUT = 0x48;                     //Green LED on 
 LED1 = 0;                     //  LED1 off 
 LED2 = 0;                     //  LED2 off 
 SEC = 0;     // Reset counter 
     } 
if(FIRST==0&&LED1==0&&SEC==TIME_OFF*127){ 
 P3MDOUT = 0x50;      // Yellow LED on 
 LED1 = 1; 
 LED2 = 1; 
 SEC = 0; 
     } 
if(FIRST==1&&SEC==FIRST_ON*127){ 
 P3MDOUT = 0x48;     // Green LED on 
 LED1 = 0; 
 LED2 = 0; 
 SEC = 0; 
 FIRST = 0; 
     } 
 
  }  
} 
 
void ADC0_ISR (void) interrupt 10 
{    
static unsigned long voltage = 0; 
 
   AD0INT = 0; 
 
 voltage += ADC0; 
 
 if(voltage<10||voltage>1013){ 
  FAIL = 1; 
  P3MDOUT |= 0x20;    // Red LED on 
   } 
 else{ 
  FAIL = 0; 
  P3MDOUT &= ~0x20;    // Red LED off 
   } 
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 if(FAIL == 0){      // If Temp Sensor Good 
  if(HEAT == 1){     // If Heating up 
   if(voltage <= 222){   // If Max Temp Reached    450 
    P3MDOUT |= 0x08;  // Green LED on 
    P3MDOUT &= ~0x10;  // Yellow LED off 
    LED1 = 0;   // LED1 off 
    LED2 = 0;   // LED2 off 
    HEAT = 0;   // Start cooling 
   } 
  } 
  else{      // If Cooling Down 
   if(voltage >= 368){   // If Min Temp Reached        500 
    P3MDOUT |= 0x50;  // Yellow LED on 
    P3MDOUT &= ~0x0C;  // Green LED off   
    
    LED1 = 1;                   // LED1 on 
    LED2 = 1;                  // LED2 on 
    HEAT = 1;   // Start heating 
   } 
  } 
   } 
 
 voltage = 0; 
 
   ADC0CN |= 0x10; 
 
} 
 
 
 
//----------------------------------------------------------------------------- 
// End Of File 
//----------------------------------------------------------------------------- 
